Background. Abnormal apoptosis of keratinocytes is one of the pathological changes of psoriasis. Caspases (CASPs) are the central engines of apoptosis. Studies to date have shown that some SNPs alter the expression of related genes and lead to changes in disease risk. However, no studies have investigated the associations between gene polymorphisms and the risk of psoriasis in Han population in northeast China. Therefore, we conducted a case-control study to explore this question in Han population of northeastern China. Methods. 540 patients with PsV and 612 healthy age-and sex-matched controls were enrolled in this study. We determined the genotypes of 17 single nucleotide polymorphisms (SNPs) from 11 genes of caspase family by the improved multiplex ligation detection reaction (iMLDR) method. A model-based single SNP frequentist test and haplotype association studies were performed to evaluate the association between SNPs and PsV. Results. In the single SNP tests, rs6704688 in CASP8 was significantly associated with psoriasis vulgaris (PsV) in Han population of northeastern China (P = 0.0169, P' = 0.0179 under the additive model; P = 0.0126, P' = 0.0149 under the heterozygous model). In haplotype analyses, the CASP7 haplotype GC was found to be associated with PsV risk (case group versus control group, 47.2% versus 54.4%, respectively, p = 0.0149). Conclusions. Our study presented that the gene polymorphisms of CASP7 and CASP8 were significantly associated with PsV in Han population of northeastern China, which implied the functional relationship between PsV and caspase genes. CASP8 and CASP7 SNPs could be new potential biomarkers for risk stratification and prevention of PsV.
Introduction
Psoriasis is a common chronic relapsing inflammatory skin disorder that is induced and sustained by lymphocytes infiltrating the skin, affecting about 2-3% of the population [1, 2] . Although its etiology is not clear, we know that it is not only a skin-restricted disease but also a systemic inflammatory immune disorder which is influenced by various genetic and environmental factors [3] . As with many autoimmune diseases, abnormal apoptosis has important implications in psoriasis biology [4, 5] . The data show that, in addition to the hyperproliferation of keratinocytes, deceleration in keratinocyte apoptosis is also a significant pathological change observed in psoriasis [6] [7] [8] . Keratinocytes from the lesion of psoriasis are resistant to induction of apoptosis compared to keratinocytes from normal skin [9] . However, the current data on the apoptosis of psoriatic keratinocytes is limited. Therefore, there is a need to better understand the mechanisms of apoptosis in the progression of psoriasis and to identify potential biomarkers for prognostic prediction.
Apoptosis, a unique physiological process genetically controlling programmed cell death, is essential for maintaining normal tissue homeostasis, cell differentiation, and development [4] . In the skin, the death of apoptotic cells regulates keratinocyte proliferation and the formation of the stratum corneum [10] . Caspases (CASPs) are cysteinedependent aspartate-specific proteases that play a central role in the induction, transduction, and amplification of apoptotic signals in cells and thus determination of cell fate [11, 12] . CASPs can be generally classified into three groups based on their biological functions: inflammatory CASPs (CASP1, CASP4, CASP15, CASP11, and CASP12, apoptosis initiator (CASP2, CASP8, CASP9, and CASP10), and apoptosis executioner (CASP3, CASP6, and CASP7). CASP14 plays an important role in the terminal differentiation of epidermal keratinocytes [13] . The apoptotic pathways involved in keratinocyte apoptosis include several mechanisms. But all have to go through the caspase family. CASPs are sequentially activated in apoptosis, and any CASP may lead to apoptosis aberration. The increase of epidermal thickness in psoriasis may be related to the abnormality of the apoptotic pathway [2] . Some of them have even been reported to have abnormal expression in the lesions of psoriasis [1, 14, 15] .
Psoriasis is a widespread autoimmune disease and systemic inflammatory disorder with which many of comorbidities (e.g., diabetes, cardiovascular diseases, Crohn's disease, lymphoma, and cancer) are associated. Patients with psoriasis tend to have an increased risk of cancer [16] . Single nucleotide polymorphisms (SNPs) influence the expression or the activities of caspase enzymes. Several CASP genes polymorphisms have been found to be associated with kinds of cancers [17] [18] [19] [20] [21] and autoimmune inflammatory diseases, such as rheumatoid arthritis [5] , coronary artery disease [22] , Kawasaki disease [23] , acute pancreatitis [24] , and ischemic stroke [25] , but the relationship with psoriasis has not been studied. And gene expression profiles showed significant differences in the expression of CASP7 and CASP8 between psoriatic lesions and psoriatic nonlesions. With this in mind, we designed a case-control trial to explore the relationship between CASP genes and psoriasis vulgaris (PsV) using polymorphism association studies in order to elucidate the pathogenic mechanisms of PsV.
Materials and Methods

Study Population.
The present case-control study included 540 patients with PsV randomly enrolled from the Second Affiliated Hospital of Harbin Medical University from January 2013 to April 2017 and 612 healthy controls randomly recruited from the same hospital during routine health examinations performed during the same period. All samples we collected were between the ages of 5 and 85. The patients with PsV were diagnosed by at least two clinical dermatologists in the Department of Dermatology. All subjects were of Han Chinese descent in northeastern China; all patients underwent a standardized clinical evaluation and the healthy controls were without any known history of PsV (including three levels of relatives).
The basic information of all subjects including sex, age, and demographic characteristics (in the case group), including age of onset, severity grade, and family history (including three levels of relatives), was obtained from self-reported questionnaires and medical records. Subjects with systemic, infectious, autoimmune, atopic, or malignant disease were excluded.
All of the participants provided written informed consent before participating in the study. All the procedures followed were in accordance with the ethical standards of the 2nd Affiliated Hospital of Harbin Medical University on human experimentation. The Ethics Committees of the 2nd Affiliated Hospital of Harbin Medical University approved this study. All procedures were in accordance with the 1975 Declaration of Helsinki and its later amendments.
DNA Extraction.
Genomic DNA was prepared from 2 mL of intravenous whole blood using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. DNA samples were stored in a freezer (Mitsubishi, Japan) at −20 ∘ C. [26] . Target DNA sequences were amplified using a multiplex polymerase chain reaction (PCR) method with specific primers and probes. The details are shown in Supplementary  Tables S1 and S2. Data analysis was carried out using GeneMapper Software version 4.1. For quality control, genotyping was carried out without knowledge of group status. We randomly selected about 10% of samples for further verification and obtained a concordance rate of 100%. tests and Student's t-tests were used to compare clinical characteristics between the two groups. The Hardy-Weinberg equilibrium (HWE; evaluated at < 0.001) test was determined using 2 tests. Associations between candidate SNPs and PsV risk were determined based on the distributions of allele and genotypic frequencies along with the additive, dominant, recessive, and heterozygous models. Multiple logistic regressions analyses were used to analyze the genotype frequency between groups. The gene interaction analysis (gene epistasis analysis) was performed using the Epistasis Module of Plink. Odds ratios and 95% confidence intervals were calculated to determine the relative risk of PsV, and 10,000 permutations were performed for the multiple test correction. The LD and haplotype were computed and constructed from the genotypes of these polymorphic markers by Haploview 4.0, and LD r 2 values were limited to 0.8. All comparisons were two sided, and results with values of less than 0.05 were considered statistically significant.
Results
Participants.
Basic information and the clinical characteristics of the participants are shown in Table 1 . No significant differences were observed in these factors between the two groups.
Single SNP Analysis.
The genotype and allele frequencies of the SNPs in the PsV group and control group are shown in Tables 2 and 3 . All genotype distributions of cases and controls passed the H-W test. For the CASP8 rs6704688 polymorphism, the major C allele (risk allele) was present in 76.9% of patients and 75.3% of controls. The additive model (C versus T) distribution and the heterozygous model (TT + CC versus TC) distribution were significantly different between cases and controls (P = 0.0169, P' = 0.0179; P = 0.0126, and P' = 0.0149, respectively). No associations between the other 16 SNPs and the risk of PsV were observed in this study. However, there were correlations among CASP8 rs6704688 in the dominant model (CC versus CT + TT; P = 0.0679, P' = 0.0974), CASP9 rs4233532 in the heterozygous model (CC + TT versus CT; P = 0.0773, P' = 0.0821), CASP10 rs12613347 in the recessive model (CC + CT versus TT; P = 0.8247, P' = 0.8681) and heterozygous model (TT + CC versus TC; P = 0.8829, P' = 0.9316), and CASP10 rs13006529 in the additive model (T versus A; P = 0.0846, P' = 0.0806). These results were marginally significant with regard to PsV risk and may become significant if an increased sample size is evaluated.
Interaction Analysis.
We performed a gene-gene interaction analysis on all samples. We found that the interaction of CASP10 -CASP1, CASP10 -CASP3, CASP10 -CASP4, CASP10 -CASP9, CASP10 -CASP12, CASP8 -CASP3, CASP8 -CASP4, and CASP1 -CASP12 is important for the risk of psoriasis (Table 4) . Additional results that were not found to be significant were shown in Supplementary Materials (Table S3 ). The age group under 40 is a high-risk age group for psoriasis. The analysis of intergene interactions in this age group found that the interaction between 10 pairs of genes was significant for the risk of psoriasis. They are the interaction of CASP8 -CASP10, CASP3 -CASP4, CASP3 -CASP6, CASP3-CASP8, CASP1 -CASP8, CASP1 -CASP10, CASP6 -CASP7, and CASP7 -CASP9 (Table 5) . Additional results that were not found to be significant were shown in Supplementary Materials (Table S4) .
Haplotype Analysis.
The haplotype blocks were imputed by Haploview for each of the 11 genes and we obtained four haplotypes in CASP3 and CASP4 and three haplotypes in CASP7, CASP8, CASP9, and CASP10. The results are shown in Table 6 . The results showed that, among the 21 haplotypes, the CASP3 haplotype TT and CASP4 haplotype TC were the two most common in the case and control groups (TT frequencies of 0.633 and 0.657, respectively, and TC frequencies of 0.619 and 0.643, respectively). The CASP7 haplotype GC was significantly different in patients with PsV than in controls (47.2% versus 54.4%, p = 0.0149). We did not identify the other haplotypes to be significantly associated with PsV (P > 0.05). We also used Haploview to calculate the haplotypes of individual genes on the same chromosome, estimated the haplotype frequencies, and compared the haplotype distribution between the patients and control groups. We found that the haplotype frequency of CASP3 (rs2705897) on chromosome 4, CASP7 (rs17090911) on chromosome 10, CASP10 (rs12613347) on chromosome 2, and CASP12(rs506601) on chromosome 11 was significantly different between the patients group and the control group. The results are shown in Table 7 . We performed the same analysis for the age group under 40 years old and found that the haplotype frequency of CASP7 (rs17090911) on chromosome 10, CASP9 (rs4233532) on chromosome 1, CASP10 (rs12613347) on chromosome 2, and CASP12 (rs506601) on chromosome 11 was significantly different between the patients group and the control group. The results are shown in Table 8 .
Discussion
Genome-wide association studies (GWASs) have identified numerous single nucleotide polymorphisms (SNPs) associated with psoriasis risk [27, 28] ; however, our study was the first to evaluate the association of CASP family genes SNPs with risk of PsV in Han population in northeast China. We found that CASP8 rs6704688 and the CASP7 haplotype GC were significantly different between cases and controls. These findings suggested that polymorphisms in CASP7 and CASP8 were associated with PsV risk in Han population of northeastern China and provide new insights into the importance of CASP7 and CASP8 in psoriasis susceptibility.
The apoptotic pathways of keratinocytes mainly include two mechanisms, and the process is regulated by a variety of proteins, genes, and internal and external stimuli. The "extrinsic" pathway is triggered by the binding of Fas ligand (FasL) or tumor necrosis factor (TNF) to membrane death receptors and these membrane death receptors recruit adapter molecules resulting in the activation of CASP8 [10] . The activated CASP8 then initiates a downstream apoptotic cascade by cleaving CASP3 and/or CASP7 leading to apoptosis. The "intrinsic" pathway includes mitochondrial release of cytochrome c and, along with the cofactor Apaf-1, the formation of an activated CASP9 apoptosome [10] . CASP3 and/or CASP7 are then activated, ultimately leading to apoptosis. Finally, both pathways end with DNA cleavage, which then forms apoptotic bodies and is phagocytosed by neighboring cells. Human CASP7 is located on chromosome 10q25.3 and contains 13 exons, and human CASP8 is located on chromosome 2q33.1 and contains 14 exons. GWAS study suggests that there are significant correlations between SNPs in the vicinity of CASP7 and CASP8 and psoriasis (the details are shown in Supplementary Tables S5 and S6 .) CASP7 and CASP8 encode CASP7 and CASP8 proteins, respectively. SNPs can strongly influence plasma levels and the biological activities of their corresponding proteins [29] . A six-nucleotide insertion/deletion variant rs3834129, which is located in the CASP8 promoter region, is associated with decreased risk of various cancers including cutaneous melanoma [30] [31] [32] . rs6704688 is located in the intron region of CASP8. While the function of rs6704688 is not yet known, we know that it is located near rs3834129 and is in high LD with rs3834129. Therefore, we inferred that rs6704688 may not be a true causal variant and that the relationship between rs6704688 and PsV could be attributed to the presence of rs3834129 in the population. Computational molecular and biochemical analyses have confirmed that the rs3834129 DEL allele disrupts the binding site of the transcriptional activator Sp1, thereby reducing the transcription and expression of CASP8 [31] . Low CASP8 expression or functional aberrations may suppress T-lymphocyte apoptosis [31] . T cells and their cytokines play a central role in the pathogenesis of psoriasis [33] . The pathogenic T cells enter the skin, become activated, and release chemokines and cytokines to attract other immune cells to mediate keratinocyte hyperproliferation and maintain the inflammatory process of psoriasis [33] . Studies have shown the DEL allele and DEL carrier of rs3834129 had negative associations with cancer susceptibility in Asian populations and rs6704688 is associated with reduced cancer risk [13] . Combined with our study, we predicted that the T allele and T-carriers of rs6704688 were negatively correlated with the susceptibility to PsV from the additive model, whereas the heterozygous TC genotype had a protective effect from the heterozygous model. In the follow-up, we will conduct a detailed study of rs3834129. Given the role of CASP7 in apoptosis and inflammation, the associations among CASP7 and autoimmune diseases and cancer susceptibility are important. Their relevance has been reported in insulin-dependent diabetes mellitus, rheumatoid arthritis, childhood leukemia, and different types of human cancers [18, 21] . Soung et al. found that a CASP7 gene inactivating mutation (70 Cys to Tyr mutant) could lead to loss of apoptotic function [18] . Thus, we hypothesized that genetic variations in CASP7 may act as strong apoptosis signals to block or delay the apoptosis of keratinocyte cells in PsV. The frequency of the haplotype GC in cases was lower than controls, which implied a protective role with regard to cases versus controls.
This study had some limitations. First, it is a hospitalbased case-control study and the sample size was relatively small, which may limit the statistical power to explore the real association. In the future, we need to further study the larger sample size and ethnicity to validate our results. Next, we tested limited polymorphisms that were representative in CASP genes; these polymorphisms may not be the critical loci for psoriasis but may instead be nearby in LD with a causative locus. Studies on the correlations of more gene loci are needed. Additionally, more comprehensive studies, such as additional clinical studies and functional analyses, are needed to explain and supplement our findings. Despite these limitations, our study demonstrated the association between CASP7 and CASP8 polymorphisms and the PsV risk.
Conclusions
In conclusion, our findings demonstrated that CASP7 and CASP8 gene polymorphisms were associated with PsV risk in Han population of northeastern China. This is the first study describing the relationships between genetic polymorphisms in CASP family genes and PsV susceptibility in Han population in northeast China. CASP7 and CASP8 gene polymorphisms may be involved in the etiopathogenesis of PsV, and analysis of these polymorphisms could provide new insights into the diagnosis and treatment of PsV.
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